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Er:Y AG laser has been studied as a potential tool for restorative dentistry dueto its ability to selectively remove oral hard tissue with
minimal or no thermal damage to the surrounding tissues. The purpose of this study was to evaluate in vitro the tensile bond strength
(TBS) of an adhesive/composite resin system to human enamel surfacestreated with 37% phosphoric acid, Er:Y AG laser (A=2.94 um)
with atotal energy of 16 J(80 mJ/pulse, 2Hz, 200 pulses, 250 ms pulsewidth), and Er:Y AG laser followed by phosphoric acid etching.
Analysisof thetreated surfaceswas performed by scanning el ectron microscopy (SEM) to assess morphological differencesamong the
groups. TBS means (in MPa) were asfollows: Er:YAG laser + acid (11.7 MPa) > acid (8.2 MPa) > Er:Y AG laser (6.1 MPa), with the
group treated with laser+acid being significantly from the other groups (p=0.0006 and p= 0.00019, respectively). The groups treated
with acid alone and laser alone were significantly different from each other (p=0.0003). The SEM analysis revealed morphological
changes that corroborate the TBS results, suggesting that the differencesin TBS means among the groups are related to the different
etching patterns produced by each type of surface treatment. The findings of this study indicate that the association between Er:Y AG
laser and phosphoric acid can be used as a valuable resource to increase bond strength to laser-prepared enamel.
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INTRODUCTION

Enamel etchingisanimportant step during com-
positerestorative procedures. Experimental and clinical
evidence suggest that failurein maintaining resin resto-
ration marginal integrity could ultimately lead to: [i]
marginal microleakage(1,2), [ii] marginal discoloration
(3) and[iii] pulpal inflammatory response (4,5). There-
fore, the devel opment of new techniquesto increasethe
bond strength between the dental surface and the

adhesive/composite resin systems (e.g. mechanical ad-
hesion) may have profound therapeutic implicationsin
dentistry.

Among thevarioustechniquescurrently inuseto
promote dental surface conditioning (6), high-output
lasers, such as Er:Y AG laser, have been studied as an
aternative method to selectively remove oral mineral-
ized tissues for restorative purposes (7,8). Hard dental
tissue ablation by Er:Y AG laser isbased on the absorp-
tion of light energy by the water and hydroxyapatite
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present in the enamel, which have high absorption
coefficient close to 2.94 um (8,9). This laser has been
used for removal of enamel and dentin caries with no
evidence of thermally induced damageto the surround-
ing tissues and/or to the pulp (10). Moreover, when
used at appropriate doses, Er:Y AG laser can selectively
remove hydroxyapatite crystals present on enamel sur-
face resulting in an irregular surface pattern that could
potentialy improve the micromechanical retention of
adhesive systems to the enamel (11-13).

The purpose of thisstudy wasto evaluateinvitro
thetensilebond strength (TBS) of an adhesive/compos-
ite resin system to human enamel surfaces treated with
37% phosphoric acid, Er:YAG laser (A=2.94 um) or
Er:-YAG laser followed by phosphoric acid etching.
Analysis of the treated surfaces was performed by
scanning electron microscopy (SEM) to assess the
morphological differences among the groups.

MATERIAL AND METHODS
Specimen Preparation

All procedures of this study were previously
approved by the ingtitutional Ethicsin Research Com-
mittee. Eighteen sound extracted human third molars
were cleaned with 0.5% sodium chloride solution,
decoronated and the crowns were bisected in a
mesiondistal direction with a water-cooled low-speed
double-faced diamond disc, providing two halves (buc-
cal andlingual surfaces). A total of 36 enamel specimens
were obtained, polished with non-fluoridated pumice
and rubber cups for 10 s and embedded in self-curing
acrylic resin, leaving a sufficient testing area.

Enamel Surface Etching and SEM Analysis

Specimens were randomly assigned to 3 groups
(n=12) and, in each specimen, a 4x4 mm area was
treated. Thefirst group was etched with 37% phospho-
ric acid for 30 s, thoroughly rinsed with distilled water
for 60 s and gently air dried. The second group was
irradiated with Er:YAG laser (A=2.94 um; Kavo Key,
Kavo Corp. Biberach, Germany) using total energy of
16 J (80 mJ/pulse, 2 Hz, 200 pulsestotal, 250 ms pulse
width). During laser treatment, the pre-determined area
wasirradiated using ahandpiece supplied with the laser
system. Thethird group wastreated with laser followed
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by acid etching using the parameters described above.
SEM analysis was performed to compare the morpho-
logical changes occurred in the specimens after each
treatment protocol. Two specimens per group were
sputter-coated with gold to provide a conformal con-
ductive coating and analyzed with a scanning electron
microscope (Model LEO 1450 VP, LO, Zeiss, Ger-
many) at magnifications of x500, x2,000 and x5,000.

Thermocycling and Bond Strength Test

After enamel etching, anadhesivesystem (Single
Bond; 3M/ESPE, St. Paul, MN, USA) wasapplied twice
on the treated area and air-dried for 10 s. Composite
buttons (Z2250; 3M/ESPE; 4x4 mm, 2.2 mm) were
placed onto the adhesive-coated surface, adhesive ex-
cess was removed with a sharp explorer and light-
curing was performed for 15 s at each side (60 stotal).
The 30 remaining specimens (n=10) were submitted to
athermocycling regimen of 700 cyclesbetween 6°C and
55°C for 24 h in deionized water. For the TBS test, the
specimens were tested in a Universal Testing Machine
(MTS810.23M, Material Test System; Norwood, MA
USA) running at acrosshead speed of 0.5 mm/min. The
maximum strength value (immediately before rupture)
was recorded in MPa for further comparisons.

Statistical Analysis

Data were expressed as mean + SD. Statistical
significance of differences among groups was deter-
mined by the paired two-tailed Student’ st-test. Differ-
enceswereconsidered statistically significant for p<0.05.

RESULTS
Strength Bond Test

Figure 1 showsthe TBS meansof theexperimen-
tal groups.

The group treated with laser and acid etching
(11.7 + 2.2 MPa) presented statistically significant
higher TBSmeansthanthegroupirradiatedwithEr:Y AG
laser alone (6.1 + 0.8 MPa; p= 0.00019) or etched with
acid alone (8.2 £ 0.5 MPa, p= 0.0006). The group
treatedwithEr:Y AG laser d onehad statistically signifi-
cant lower TBS means than the acid-etched group
(p=0.0003).
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SEM Analysis

14 A

p T The structural analysis of enamel surfaces cor-
roborated the results of the TBS testing. The acid-
T etched group showed a more homogeneous etching
pattern on the treated surface (Figs. 2 A,B). Specimens
6 - conditioned with Er:Y AG laser alone showed areas of
4 ablated tissue with non-lased enamel within the irradi-
ated area (Fig. 3 A,B). Figure 4 (A and B) shows that
technique using Er:Y AG laser irradiation followed by
phosphoric acid etching resulted in a more homoge-
neous surface pattern than that exhibited by the speci-
Figure 1. TBS means (+SD) for each experimental group. mens treated with laser alone.
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Figure 2. SEM micrographs of enamel surface etched with 37% phosphoric acid gel for 30 s. Areaswith preferential removal of prism
core material can be observed and the prism peripheriesrelatively intact (SEM x500-A and x5000-B).
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Figure 3. Enamel surfaceetched with Er:Y AG laser. Irregul ar areas on the surface dueto tissueremoval and intact areacan be observed.
(SEM x500-A and x2000-B). The arrow shows untreated enamel surface within theirradiated area.
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DISCUSSION

Dental oral tissues and water have high absorp-
tion peaks in the infrared region close to 2.9 um (8),
which coincides with the wavelength of Er:YAG laser,
used in the present study. The process by which
Er:YAG laser promotes tissue removal is based on the
absorption of radiation energy by water molecules
presentinthedental hardtissues, whichisrapidly heated
to boiling temperature producing vapor. Asaresult, the
pressureincreaseswithintheirradiated area, resultingin
local microexplosionsand gjection of microparticles of
dental hard tissue with minimal or no thermal side
effects (14).

Otherslasershaveal so beentested for modifying
the surface of dental hard tissues(15,16), however loca
temperature rise with sever thermal side effects, such as
tissue melting and carbonization, were observed. These
damages could cross the dentin barrier, resulting in
potential damage to the pulp (17,18).

The mechanism of enamel conditioning for
compositerestorative purposesusing either chemical or
physical methodsis not simply a surface treatment, but
rather aselectivetissue removal of the external layer of
enamel, resulting in microscopic surface irregularities
through which the adhesive system should penetrate
and provide retention (19). Furthermore, the created
surface pattern is strongly dependent on the employed
etching technique. Accordingly, in the present study,
specimens conditioned with Er:Y AG laser followed by

phosphoric acid etching showed significantly higher
bond strength compared to specimensthat were treated
withEr:Y AGlaser alone. Specimensetched exclusively
with 37% of phosphoric acid presented a more
homogeneousconditioning pattern of theenamel surface
with the presence of honeycomb-like structure, as
illustrated in Figures 2A and 2B. This surface pattern
produced by conventional phosphoric acid etching is
considered as the ideal for adhesive procedures on
enamel surface (20).

Thelower TBSmeansobserved inthe specimens
treated with Er:Y AG laser alonemay beattributed tothe
non-homogeneous conditioning of enamel surface
produced by the laser irradiation, as enamel areas were
left untouched by the laser beam (Figs. 3A,B). How-
ever, specimenstreated with Er:Y AG laser followed by
phosphoric acid etching presented higher TBS means
thanthosetreated exclusively witheither acidor Er:Y AG
laser irradiation. The SEM micrographs presented in
Figures 4A and 4B suggest that the increase of TBS
means is due to the fact that the phosphoric acid
effectively etched the non-lased spots that remained
within theirradiated area.

Theobservationthat thecombination of Er:Y AG
laser and phosphoric acid presented higher bond strength
values to composite than the use of phosphoric acid or
Er:YAG laser alone, should be subject of further inves-
tigation, sinceit holdsthe potential to becomeasuitable
method for conditioning enamel surface for composite
restoration.

Figure 4. Enamel surface etched with Er:Y AG laser and 37% phosphoric acid for 30 s. The topographical view of the surfaceis more
similar to the etching patterns produced by 37% phosphoric acid gel treatment (SEM x500-A and x2000-B).
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RESUMO

A tecnologia a laser tem sido estudada como uma ferramenta
potencial para uso em odontologia devido a sua habilidade em
remover tecido 6sseo com um minimo ou nenhum dano aos
tecidos vizinhos. O objetivo deste estudo é comparar in vitro a
resisténcia a tragdo do sistema adesivo em esmalte tratado com
acido fosférico a37 %, laser Er:YAG (A=2,94 um) com energia
total de 16 J (80 mJ/pulso, 2 Hz, 200 pulsoselargurade pulso de
250 ms) e com a combinagdo laser Er:Y AG seguido por &cido
fosforico. O teste deresisténciaatracdo foi usado paracomparar
a resisténcia a tracdo em cada grupo. Foi também realizada
microscopia eletronica de varredura para permitir a andlise das
diferencas morfoldgicas entre os grupos. Foram obtidos os
seguintes valores médios de resisténcia para os grupos tratados
com: laser (6,1 MPa), acido fosforico (8,2 MPa) e laser mais
acido (11,7 Mpa). Amostras tratadas com laser e acido
apresentaram valoresmai oresderesi sténciado queamostrascom
laser ou acido isoladamente. A andlise damicroscopiaeletrénica
revelou diferengas que corroboram os resultados, demonstrando
que diferencgas de resisténcia entre os grupos sdo devidas as
diferencas entre os padrbes superficiais resultantes. Nossos
resultados sugerem queacombinagdo dolaser Er:Y AG com&cido
fosférico pode ser usada como um método para aumentar a
resisténciaatracdo do sistema esmalte resina.
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